1st International Round-table on protein nutrition of non-ruminants  by Cowieson, Aaron J.
P1
n
p
t
d
a
o
a
e
r
o
c
ﬂ
w
i
m
p
2
p
p
a
p
i
b
b
i
h
n
‘
s
b
l
a
a
e
H
i
0
lAnimal Feed Science and Technology 221 (2016) 243–244
Contents lists available at ScienceDirect
Animal  Feed  Science  and  Technology
journal homepage: www.elsevier.com/locate/anifeedsci
reface
st  International  Round-table  on  protein  nutrition  of
on-ruminants
Successful conversion of dietary protein and energy to lean gain is central to the proﬁtability of poultry and swine
roduction systems. Protein nutrition is perhaps uniquely complex relative to alternative nutrients such as carbohydrates due
o the large number of contributing amino acids as well as the substantial entry of endogenous protein into the intestinal tract
uring digestion. In an attempt to gain traction on the central themes of this fascinating area DSM Nutritional Products hosted
 round-table workshop on protein nutrition of non-ruminants in July 2015. This event brought together international experts
n all aspects of protein nutrition including anatomy, physiology, microbiology, diet formulation, ingredient quality, amino
cid balance and endogenous protein ﬂow. The workshop was a non-commercial academic forum to promote information
xchange and discussion in order to identify key knowledge gaps in protein nutrition of swine and poultry and to create and
efresh networks within the scientiﬁc community. This two day event was  an enormous success and several important areas
f obscurity were identiﬁed as a focus for scientiﬁc study. These areas included a need to improve our understanding of the
ontribution of the intestinal microbiome to protein nutrition, improved clarity on basal and speciﬁc endogenous protein
ow, more rapid tests to assess the quality of dietary protein sources, greater insight into amino acid balance in feedstuffs
ith particular reference to conditionally-essential amino acids and a need for improved animal models to examine dietary
nterventions intended to modify protein/amino acid digestion. The following collection of papers in this volume covers
any of these objectives and provides an exceptional foundation for future research. A brief precis of each paper follows to
rovide an overview of the content of this special edition.
The enzymatic, biochemical and mechanical processes of protein digestion are complex but complementary (Moran,
016). Two phases of digestion are involved, involving both the gastric system where HCl and pepsin render incoming
rotein more soluble and the small intestinal system where pancreatic enzymes convert incoming oligopeptides and large
roteins into short peptides for subsequent absorption. Central to the integrity of the gastric and intestinal digestive process
re high molecular weight polymers of protein and carbohydrate known as mucin that protect the intestinal surface from
erturbation and permit the maintenance of a suitable micro-climate for enzyme activity and nutrient transport. Mucin
ntegrity is promoted by adequate provision of certain amino acids such as glycine, cysteine, glutamine and threonine and
y the removal of dietary agonists such as phytic acid, protease inhibitors, lectins, insoluble dietary ﬁbre and others. The
alance between investment in endogenous protein production and net recovery of amino acids must be carefully controlled
n order to optimize efﬁciency.
During the course of digestion there is a substantial secretion of endogenous protein into the intestinal lumen to support
ydrolysis of polymers and absorption of the products of enzymatic digestion (Adeola et al., 2016). These proteins of endoge-
ous origin are largely recovered before the caudal region of the ileum but a proportion leave the ileum and are considered
lost’ to the animal for productive purposes. These endogenous losses represent a net cost to efﬁciency and they can have a
ubstantial effect on animal performance, health and the proﬁtability of the production system. Whilst endogenous losses can
e quantiﬁed collectively, for reasons of precision they are usually divided into two  distinct groups, the ‘basal’ endogenous
osses and the ‘speciﬁc’ endogenous losses. Basal endogenous losses include inevitable and diet-independent losses of amino
cids that are a consequence of foundational metabolic processes (Adeola et al., 2016) whereas speciﬁc endogenous losses
re associated with the nature of the ingested diet e.g. concentrations of anti-nutrients (Ravindran, 2016). Quantiﬁcation of
ndogenous losses is difﬁcult as separation of amino acids, in the intestine, from dietary or endogenous origin is complex.
owever, several techniques exist that are capable of determination of basal and speciﬁc endogenous loss. These techniques
nclude feeding diets that contain no protein (or nitrogen) source, feeding diets with protein of unique characteristics (such
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that may  be differentiable from endogenous sources by size, radioactive label etc) or feeding diets with graded concentra-
tions of protein and using regression equations to estimate endogenous ﬂow. Assessment of basal and speciﬁc endogenous
loss is not only of academic interest but is central to effective feed formulation as amino acid digestibility measurements
without concurrent information on basal endogenous loss results in values that are likely to be inaccurate in complex diet
mixtures. These issues also have profound implications for accurate estimation of amino acid requirement.
The requirement of growing animals for amino acids varies substantially with age, reproductive status, environmental
conditions, health and even the nature of the diet that is fed (Kidd and Tillman, 2016). Whilst an appreciation for the
requirements of a population of animals for speciﬁc amino acids is critical (to avoid under- or over-supply), assessing such
under practical terms of reference is complex and expensive. Provision of a diet with inadequate concentration of one focal
amino acid and then titrating this amino acid into the diet to create a series of reference diets is relatively simple and
gives an overview of requirement. However, this technique assumes no interaction between amino acids and such ‘one
factor at a time’ approaches may  give misleading information depending on other dietary, environmental or animal settings.
Furthermore, if such dose-response trials are to be used they should involve a minimum of seven inclusion concentrations
covering a wide range (from 50% to 150% of putative need). Factorial designs are also useful in that they highlight interactions
between amino acids which may  be especially relevant when digestible lysine is involved. Finally, whilst much focus in the
past has been given to the sulphur amino acids, lysine, threonine and, to some extent. The branched chain amino acids, there
is increasing interest in so-called conditionally-essential amino acids such as glycine and serine and also functional effects
of amino acids beyond protein accretion ‘need’.
A complication in amino acid and protein nutrition research, especially with regard to accurate assessment of amino
acid ﬂow and requirement is the unknown inﬂuence of the intestinal microbiome on nitrogen cycling in the gut (Apajalahti
and Vienola, 2016). The intestinal microbiome is capable of converting dietary nutrients (including carbohydrates) into
bacterial biomass, the majority of which eventually exits the intestinal tract. Furthermore, the metabolism of protein by
intestinal bacteria results in the production of a range of undesirable and potentially toxic metabolites including biogenic
amines, indoles, phenols, cresol and ammonia. As the poultry and swine industries increasingly move away from prophylactic
use of antibiotics to suppress the intestinal microbiome the inﬂuence of the transient and resident bacteria will increase.
Fermentation of carbohydrate is preferred to fermentation of protein and so maximizing protein digestion in proximal
intestinal regions is desirable, as is minimizing the ﬂow of endogenous protein into the caudal gut.
Soybean meal represents the major source of dietary protein in the diets of pigs and poultry worldwide (Garcia-Rebollar
et al., 2016; Stefanello et al., 2016). As the digestibility of protein in soybean meal varies it is critical to understand the
quality of soybean meal being used at a given time in order to minimize the ﬂow of undigested protein into the hind gut.
Factors that inﬂuence the nutritional value of soybean meal for mono-gastric animals include growing conditions, chemical
composition, oil extraction processes, concentration of protein inhibitors and genetics. Of particular note is that the country
of origin of the soybeans is centrally important to the ﬁnal feeding value.
Finally, one strategy that has been particularly successful in improving the digestibility of protein in mono-gastric diets
and in shifting the site of protein digestion to more proximal intestinal segments is the use of exogenous protease (Cowieson
and Roos, 2016). Exogenous proteases augment intestinal digestive architecture to increase amino acid digestibility and
reduce endogenous protein ﬂow. Furthermore, exogenous proteases have been shown to reduce the antinutritional effects of
various proteinaceous antinutrients and to increase intestinal resilience by reducing inﬂammatory responses and improving
tight junction and mucin integrity. Thus, whilst exogenous proteases may  be included in diets largely to reduce feed cost
this may  only represent a small portion of their true value and promotion of intestinal health may  be central to observed
effects on performance which often exceed that which would be expected from amino acid digestibility alone.
An enormous amount of work went into the assembly, reviewing, revising and editing of these manuscripts and on behalf
of the guest editors (Profs. Ravindran, Mateos and Cowieson) and DSM Animal Nutrition, we sincerely thank all contributors
and commend them for their high quality submissions.Prof.
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